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Answer  the  following  Questions 


Question  No  1 


[25  Marks] 


a.  State  the  Keplerian  element  set  indicating  their  importance  in  determining  satellites  orbits. 

I 

b.  Discuss  the  effect  of  non-spherical  Earth  on  the  mean  motion  calculations. 

c.  Draw  a  figure  indicating  the  relation  between  the  eclipse  period  and  the  day  of  the  year. 

d.  Explain  in  details  the  block  diagram  of  satellite  reception  for  transponders. 

4 

Question  No  2  [25  Marks] 

4 

a.  Differentiate  between  fixed  and  demand  assignment  multiple  access  techniques. 

I 

b.  Discuss  the  different  algorithm  protocols  that  can  be  used  to  control  the  multiple  access 

between  the  satellite  and  Earth  stations. 

# 

c.  Prove  that  the  normalized  throughput  for  pure  ALOHA  is  given  by:  Pn  aloha  =  ^ ne~2Gn 

d.  Show  why  s-ALOHA  reduces  it  to  Pns— aloha  =  Gne~Gn>  then  compare  between  them. 

t 

%  « 

Question  No  3  .  ‘  [25  Marks] 

a.  Explain  the  traveling  wave  tube  amplifier  indicating  its  importance,  operation,  and  the  gain 
characteristics. 

b.  Explain  the  operation  of  reservation  ALOHA  including  illustrations  for  its  modes. 

t 

c.  Clarifies  the  operation  of  FDM/FM/FDMA  as  an  example  for  multiple  access  of  60 

*  9 

telephone  channels  between  6  Earth  stations  via  satellite  in  INTELSAT. 

d.  Explain  in  details  the  operation  of  SPADE  system  including  the  action  of  common  signaling 


channel. 
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Question  No  4 


[25  Marks] 


a.  Draw  and  comment  on  the  European  E-Carrier  standard  for  PCM  transmission. 

b.  Describe  the  detailed  specifications  of  the  high  rate  TDMA  for  Europe  and  show  how  it 
could  be  fulfilled? 


c.  Draw  the  general  block  diagram  of  spread  spectrum  illustrating  the  signal  flow  from  a 
certain  transmitter  to  the  required  destination. 

d.  Express  and  write  what  do  you  know  about  the  process  gain  and  the  jamming  margin 
indicating  their  importance? 

Question  No  ff 

[25  Marks] 


a.  Differentiate  between  the  transmitted  reference  and  stored  reference  in  spread  spectrum 
communications. 

b.  What  are  the  randomness  properties  that  make  a  pseudorandom  signal  appear  truly  random? 

c.  Use  the  shift  register  to  produce  PN  sequences,  and  show  how  to  ensure  the  conditions  of 

randomness  on  its  output. 

„  '  '  • 

d.  Estimate  the  normalized  autocorrelation  function  with  a  single  shift  for  the  shift  register 
sequence  output  given  in  part  c. 


it 


Best  Wishes 


♦ 


Course  Examination  Committee 
Associate  Prof.  Mahmoud' A.  A  Ali 
Dr. 

Course  Coordinator: 

Associate  Prof.  Mahmoud  A.  A.  Ali 


Associate  Prof  Salah  El  Dean  A  Khameece 
Dr. 


Y  a 


Tanta  gf 
University  % 


Department:  Electronics  and  Electrical  Communication  Eng. 
Total  Marks:  90  Marks 


Faculty  of 
Engineering 


Course  Title:  Telecommunication  Networks 

Course  Code:  EEC  4124 

Year:  4th 

Date:  16/1/  2014  1 

Allowed  lime:  3  hours 

No.  of  Pages:  (2) 

<Rgmarh§:  ( attempt  to  answer  the  following  questions ...  assume  any  missing  data  . . .  answers  should  he  supported 
try  equations  and  stitches) 


18  degree 


(a)  Show  that,  if  the  assumption  of  statistical  equilibrium  for  traffic  is  achieved,  the  probability 

of  the  system  being  in  state  i  is  given  in  terms  of  the  probability  that  it  is  in  state  0;  (support 
your  answer  with  equations  and  sketches).  [4  degree] 

(b)  A  remotely  located  concentrator  has  20  subscribers  and  4  trunks.  The  call  rate  per  user  is 

0.05  calls  per  minute;  with  call  duration  of  2  minutes.  Calculate  the  blocking  probability, 
and  the  channel  utilization,  (neglect  small  internal  traffic).  [4  degree] 

(c)  There  are  two  trunk  groups  are  used  between  two  switching  offices.  The  first  group  has  12 

channels  and  the  second  group  has  6  channels.  If  the  first  group;  handling  64  call  trials  per 
hour  with  10.  minutes  expected  duration.  What  is  the  blocking  probability  of  the  first  group? 
If  the  overflow  traffic  from  the  first  group  is  offered  to  the  second  one;  determine  the 
blocking  probability  of  the  second  group,  and  the  probability  that  both  groups  are  blocked 
.simultaneously.  Compare  your  result  to  the  probability  of  one  18-channels  trunk  group. 
Comment  clearly  on  your  results.  (Hint:  use  Erlang’s  table)  .  [10  degree] 

lestinn  (?)  _ [20degreel 


Question  (2) _ _ _ IdU  degree i 

(a)  Apply  the  following  sentence  for  system  "Time  congestion  doesn't  necessitate  call 

congestion".  '  [4  degree] 

(b)  Consider  an  M/M/N  delay  system;  deduce  an  expression  for  the  delay  traffic.  [4  degree] 

(c)  Consider  a  single  channel  delay  system  M/M/1;  deduce  an  expression  for  the  following 

parameters:  probability  of  finding  j  call  trials,  delay  probability,  and  average  number  of 
customers  in  the  system.  [6  degree] 

(d)  Consider  a  single  channel  delay  system.  In  a  busy  hour,  18  calls  are  offered  to  the 
system,  each  of  2  minutes  duration.  Calculate: 

i.  The  probability  that  an  arriving  call  is  delayed  [2  degree] 

ii.  The  average  number  of  customer^  that  may  exist  in  the  system.  [2  degree] 

iii.  The  probability  that  there  are  less  than  6  users  in  the  system.  [2  degree] 


Question  (3) 


1 18degree 1 


(a)  Sketch  the  timing  diagram  for  circuit  switching  and  packet  switching  system  (datagram  and 

virtual  circuit).  ,  [3  degree] 

(b)  What  are  the  functions  of  signaling  system;  give  an  example  for  the  use  of  these  control 

signals?  [6  degree] 

(c)  It  is  required  to  transfer  a  message  with  size  80  k  bytes  on  a  communication  network  by  5 
nodes,  from  the  user  to  the  server.  The  data  rate  for  all  links  is  2  Mbps.  The  packet  size  is  lk 
bits  and  100  bits  as  a  header.  The  setup  time  is  0.12  sec,  with  processing  time  of  0.08  sec  at 


each  node,  while  the  average  queuing  delay  at  each  node  is  0.2  sec.  The  propagation  speed 
over  a  link  is  500  m/sec,  where  the  hop  distance  is  60  km.  Calculate  the  end-to-end  delay 


time  for  the  following  cases:- 

(i)  Circuit  switching  network.  [3  degree] 

(ii)  Datagram  packet  switching  network.  .  [3  degree] 

(iii)  Virtual  circuit  packet  switching  network  [3  degree] 

Question  (4) _ _ _ _ _ _ — / 16degreel 

(a)  Define  the  following  terms,  TC,  EUF,  and  CCI.  [3  degree] 

(b)  For  a  single-stage  switch  (100x100),  find  number  of  cross-points  and  maximum  load  for 

both  folded  and  non-folded  switch.  ,  i4  degree] 

(c)  Deduce  an  expression  for  the  minimum  number  of  cross-points  of  a  non-blocking  three- 

stage  switch.  degree] 

(d)  Show  that  full  availability  for  three-stage  switching  isn’t  sufficient  condition  for  non- 

blocking  case,  Give  an  example  (Hint:  use  N=1 6,  n=4).  [5  degree] 

« 

*  * 

Question  (5) _ T - - - M***1 

(a)  For  a  three-stage  (200x200)  switch  with  k=4  and  n=20. 

(i)  Design  the  circuit  for  this  switch.  H  degree] 

(ii)  Calculate  the  Humber  of  switching  elements,  and  compare  this  result  with  that  of 

single-stage  switch.  ,  ^  degree] 

(iii)  Repeat  (ii)  using  minimum  number  of  cross-points.  [4  degree] 


(a)  For  a  three-stage  switch  shown  in  Figure  (1),  an  input  line  is  busy  10%  ol  the  time. 

.  [6  degree] 

* 

(i)  Estimate  the  percent  of  time,  /?, ;  that  a  line  between  the  first  and  second  stage  is  busy. 

(ii)  Show  how  does  this  pt ;  affect  the  blocking  performance  of  the  intermediate  crossbar 
switch? 

(iii)  What  is  the  proportion  of  time,  p2;  that  a  line  between  the  second  .and  third  stage  is 
busy? 
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44 

24.33 

26.53 

27.64 

30.80 

32.54 

34.68 

38.56 

43.09 

47.09 

51.09 

59.92 

71.01 

45 

25.08 

27.32 

28.45 

31.66 

33.43 

35.61 

39.55 

44.17 

48.25 

52.32 

61.35 

72.67 

46 

25.83 

28.11 

29.26 

32.52 

34.32 

36.53 

40.55 

45.24 

49.40 

53.56 

62.77 

74.33 

47 

26.59 

28.90 

30.07 

33.38 

35.22 

37.46 

41.54 

46.32 

50.56 

54.80 

64.19 

76.00 

48 

27.34 

29.70 

30.88 

34.25 

36.11 

38.39 

42.54 

47.40 

51.71 

56.03 

65.61 

77.66 

49 

28.10 

30.49 

31.69 

35.11 

37.00 

39.32 

43.53 

48.48 

52.87 

57.27 

:r  67.04 

79.32 

50 

28.87 

31.29 

32.51 

35.98 

37.90 

40.26 

44.53 

49.56 

54.03 

58.51 

'*  68.46 

80.99 

51 

29.63 

32.09 

4 

33.33 

36.85 

38.80 

41.19 

45.53 

50.64 

55.19 

59.75 

69.88 

82.65 

52 

30.40 

32.90 

34.15 

37.72 

39.70 

42.12 

46.53 

51.73 

56.35 

60.99 

71.31 

84.32 

53 

31.17 

33.70 

34.98 

38.60 

40.60 

43.06 

47.53 

52.81 

57.50 

62.22 

72.73 

85.98 

54 

31.94 

34.51 

35.80 

39.47 

41.51 

44.00 

48.54 

53.89 

58.66 

63.46 

'  74.15 

87.65 

55 

32.72 

35.32 

36.63 

40.35 

42.41 

44.94 

49.54 

54.98 

59.82 

64.70  * 

*'75.58 

89.31 

56 

33.49 

36.13 

37.46 

41.23 

43.32 

45.88 

50.54 

56.06 

60.98 

65.94 

••  V.. 

77.00 

90.97 

57 

34.27 

36.95 

38.29 

42.11 

44.22 

46.82 

51.55 

57.14 

62.14 

67.18 

78.43 

92.64 

58 

35.05 

37.76 

39.12 

42.99 

45.13 

47.76 

52.55 

58.23 

63.31 

68.42 

79.85 

94.30 

59 

35.84 

38.58 

39.96 

43.87 

46.04 

48.70 

53.56 

59.32 

64.47 

69.66 

81.27 

95.97 

60 

36.62 

39.40 

40.80 

44.76 

46.95 

49.64 

54.57 

60.40 

65.63 

70.90 

82.70 

97.63 

61 

37.41 

40.22 

41.63 

45.64 

47.86 

50.59  4 

(  55.57 

61.49 

66.79 

72.14 

84.12 

99.30 

62 

38.20 

41.05 

42.47 

46.53 

48.77 

51.53 

56.58 

62.58 

67.95 

73.38 

85.55 

101.0 

63 

38.99 

41.87 

43.31 

‘47.42 

49.69 

52.48 

57.59 

63.66 

69.11 

74.63 

86.97 

102.6 

64 

39.78 

42.70 

44.16 

48.31 

50.60 

53.43 

58.60 

64.75 

70.28 

75.87 

88.40 

104.3 

65 

40.58 

43.52 

45.00 

49.20 

51.52 

54.38 

59.61 

65.84 

71.44 

77.11 

89.82 

106.0 

66 

41.38 

44.3$ 

45.85 

50.09 

52.44 

55.33 

60.62 

66.93 

72.60 

78.35 

91.25 

107.6 

67 

42.17 

45.18 

46.69 

50.98 

53.35 

56.28 

61.63 

68.02 

73.77 

79.59 

92.67 

109.3 

68 

42.97 

46.02 

47.54 

•  51.87 

54.27 

57.23 

62.64 

69.1 1 

74.93 

80.83 

94.10 

111.0 

69 

43.77 

46.85 

48.39 

52.77 

55.19 

58.18 

63.65 

70.20 

76.09 

82.08 

95.52 

112.6 

70 

44.58 

47.68 

49.24 

53.66 

56.11 

59.13 

64.67 

71.29 

77.26 

83.32 

96.95 

114.3 

71 

45.38 

48.52 

50.09 

54.56 

57.03 

60.08 

65.68 

72.38 

78.42 

84.56 

98.37 

1 16.0 

72 

46.19 

49.36 

50.94 

55.46 

57.96 

61.04 

66.69 

73.47 

79.59 

85.80 

99.80 

117.6 

73 

47.00 

50.20 

51.80 

56.35 

58.88 

61.99 

67.71 

74.56 

80.75 

87.05 

101.2 

119.3 

74 

47.81 

51.04 

52.65 

57.25 

59.80 

62.95 

68.72 

75.65 

81.92 

88.29 

102.7 

120.9 

75 

48.62 

51.88 

53.51 

58.15 

60.73 

63.90 

69.74 

76.74 

83.08 

89.53 

104.1 

122.6 

76 

49.43 

52.72 

54.37 

59.05 

61.65 

64.86 

70.75 

77.83 

84.25 

90.78 

105.5 

124.3 

77 

50.24 

53.56 

55.23 

59.96 

62.58 

65.81 

71.77 

78.93 

85.41 

92.02 

106.9 

125.9 

78 

51.05 

54.41  , 

56.09 

60.86 

63.51 

66.77 

72.79 

80.02 

86.58 

93.26 

108.4 

127.6 

79 

51.87 

55.25 

56.95 

61.76 

64.43 

67.73 

73.80 

81.11 

87.74 

94.51- 

109.8 

129.3 

80 

52.69 

56.10 

57.81 

62.67 

65.36 

68.69 

,74.82 

82.20 

88.91 

'  £5.75 

111.2 

130.9 

81 

53.51 

56.95 

58.67 

63.57 

66.29 

69.65 

75.84 

83.30 

90.08 

•96.99 

,  112.6 

132.6 

82 

54.33 

57.80 

59.54 

64.48 

67.22 

70.61 

76.86 

84.39 

91.24f 

98.24 

114.1 

134.3 

83 

55.15 

58.65 

.  60.40 

65.39 

68.15 

71.57 

77.87 

85.48 

92.41 

99.48 

115.5 

135.9 

84 

55.97 

59.50 

61.27 

66.29 

69.08 

72.53 

78.89 

86.58 

93.58 

100.7 

116.9 

137.6 

85 

56.79 

60.35 

62.14 

67.20 

70.02 

73.49 

79.91 

87.67  *' 

c  94.74 

102.0 

118.3 

139.3 

f 

86 

57.62 

61.21 

63.00 

68.11 

70.95 

74.45 

80.93 

88.77 

'  95.91 

;10l2 

119.8 

140.9 

87 

58.44 

62.06 

63.87 

69.02 

71.88 

75.42 

81.95 

89.86 

9.7.08 

104.5 

121.2 

142.6 

88 

59.27 

62.92 

64.74 

69.93 

72.82 

76.38 

82.97 

9Q.96 

98.25 

105.7 

122.6 

144.3 

89 

60.10 

63.77 

65.61 

70.84 

73.75 

77.34 

83.99 

92.05 

99.41 

107.0 

124.0 

145.9 

90  , 

60.92 

64.63 

66.48 

71.76 

74.68 

78.31 

85.01 

93.15 

100.6 

108.2 

125.5 

147.6 

91 

61.75 

■* 

65.49 

67.36 

72.67 

75.62 

79.27 

86.04 

94.24 

1()1.8 

109.4 

126.9 

149.3 

92 

62.58 

66.35 

68.23 

73.58 

76.56 

80.24 

87.06 

95.34 

102.9 

110.7 

128.3 

150.9 

93 

63.42 

67.21 

69.10 

74.50 

77.49 

81.20 

88.08 

96.43 

104.1 

111.9 

129.8 

1 52.6 

94 

64.25 

68.07 

69.98 

75.41 

78.43 

82.17 

89.10 

97.53 

105.3 

113.2 

131.2 

154.3 

95 

65.08 

68.93 

70.85 

76.33 

79.37 

83.13 

90.12 

98.63 

106.4 

1  1T4.4 

132.6 

155.9 

96 

65.92 

69.79 

71.73 

77.24 

80.31 

84.10 

91.15 

99.72  ' 

107.6 

1  f  5.7 

134.0 

157.6 

97 

66.75 

70.65 

72.61 

78.16 

81.25 

85.07 

92.17 

100.8 

108.8 

1  1 6.9 

135.5 

159.3 

98 

67.59 

71.52 

73.48 

79.07 

82.18 

86.04 

93.19 

101. .9 

109.9 

1 18.2 

136.9 

1 60.9 

99 

68.43 

72.38 

74.36 

79.99 

83.12 

87.00 

94.22 

103.0 

11  1.1 

1  19.4 

1 38.3 

1 62.6 

100 

69.27 

7~.25 

75.24 

80.91 

84.06 

87.97 

95.24 

104.1 

1 12.3 

120.6 

139.7 

164.3 

N  is  the  number  of  servers.  The  numerical  column  headings  indicate  blocking  probability  13  in  %.  Table  generated  by  Dan  Dexter 
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Erlang  B  Traffic  Table 


Maximum  Offered  Load  Versus  B  and  N 


N/B  0.01  0.05 


1 

.0001 

.0005 
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.0142 

.0321 

3 

.0868 

.1517 
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.2347 

.3624 
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.6486 
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Answer  the  following  questions: 

The  first  question  [15  marks] 

a.  Encrypt  th$  message  “a  good  day”  using  a  shift  cipher  with  a  key  of  19.  Then,  show  how  to  decrypt 
the  message  to  get  the  original  plain  text. 

b.  Encrypt  the  word:  “goodbye”  using  a  cipher  that  replaces  each  character  with  position  a  (A  has  a=0, 

B  has  a=l, ...  etc.)  by  another  character  with  position  /(a)  =  (3a  +  k^mod  n.  (n=  23  and  Ki  is 
equal  to  13  for  the  1st  character,  17  for  the  2nd,  and  19  for  the  3rd  and  then  Ki  is  repeated  13,  17, 

19, 13, 17, 19.  ..etc.).  What  is  the  type  of  this  cipher? 

c.  Compare  the  RSA  to  the  DES  encryption  algorithms. 

The  second  question  [  15  marks] 

a.  With  the  aid  of  sketches,  explain  the  security  problem:  Man-in-the-Middle  attack  in  the  Diffie-Hellman 
protocol. 

b.  Consider  the  Diffie-Hellman  key  exchange  protocol.  Assume  that  Eve  runs  an  active  man-in-the- 
middle  attack  against  the  key  exchange.  For  the  Diffie-Hellman  key  exchange,  use  the  parameters  p  = 
29,  g  =  2,  and  x  =  13,  y  =  7  for  Alice  and  Bob,  respectively.  Eve  uses  the  value  z  =  1 1.  Compute  the 
key  pairs  Kao  and  Kbo  indicating: 

i  The  formulas  with  which  Eve  computes  them. 

ii  The  formulas  with  which  Alice  and  Bob  compute  them. 

iii  What  is  the  solution  to  this  attack? 

» 

I  The* third  question  [  20  marks] 

a.  Define  Kerberos  servers.  Using  diagrams,  explain  what  happens  when  a  user  want  to  access  a  real 

server.  Define  all  terms  and  symbols  used.  * 

b.  What  do  you  know  about  the  meaning  of  X. 509  protocol? 

c.  What  is  the  HMAC?  And  what  is  its  advantage? 

The  fourth  question  f  20  marks]  , 

a.  With  the  aid  of  sketches,  briefly  explain  the  key  management  methods  for  public  key  distribution  in 
asymmetric  key  cryptography. 

b.  What  is  meant  by  a  Hash  function?  What  are  the  criteria  that  must  be  associated  with  a  Hash  function 
to  achieve  the  required  security? 


c.  A  message  is  made  of  10  characters.  A  hash  algorithm  creates  a  digest  out  of  this  message  by  choosing 
characters  which  position  are  prime  numbers.  Deduce,  if  this  algorithm  meets  the  criteria  of  the  Hash 
function? 

The  fifth  question  [  15  marks] 

a.  What  is  meant  by  “message  nonrepudiation”?  Does  the  digital  signature  provide  this  service?  Explain 
your  answer. 

b.  Why  is  it  a  good  idea  to  hash  passwords  that  are  stored  in  a  file?  What  is  a  “salt”  and  why  should  a  salt 
be  used  whenever  passwords  are  hashed? 


c.  Suppose  that  all  passwords  on  a  given  system  are  4  characters  long.  The  chosen  characters  may  be 
numbers  (0  to  9),  capital  or  small  letters  from  (A  to  E),  and  _  (underscore).  How  many  different 
passwords  combinations  in  this  system? 
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Answer  the  following  questions: 

Question  (1)  [18  marks] 

(a)  Compare  between  the  null-to-null  beamwidth  of  a  rectangular  aperture  antenna  of  dimensions 
(a  x  a)  and  a  circular  aperture  antenna  of  radius  r  =  a. 

*  v 

(b)  For  a  (3A  x  3A)  rectangular  waveguide  (aperture  antenna)  fed  with  TEW  mode  with  electric 
field  oriented  in  Y-direction  where  |£y|  =E0sin  Qx'.  Draw  the  E-plane  and  H-plane 
patterns. 


Question  (2)  [18  marks] 

(a)  Derive  the  expression  that  relates  the  parabolic  reflector  antenna  parameters  (F,  d,  90). 

(b)  State  the  advantages  of  the  parabolic  reflector  antenna.  » 

(c)  A  parabolic  reflector  antenna  with  F/d  =  0.5  has  a  prime-focus  feed  with  a  gain 
function  (7(0)  =  14cosn(9).  Evaluate  the(  order  n  of  the  feeder.  Find  the  diameter  of  the 
reflector  in  order  to  obtain  an  antenna  gain  of  30dB  at  10GHz.  Find  the  antenna  efficiency. 


Question  (3)  [18  marks] 

(a)  Explain  how  the  Hansen- Wood  ward  antenna  array  is  used  to  increase  the  directivity  of  the  end 
fire  array.  Derive  an  expression  for  the  maximum  element  spacing  dmax  required  to  avoid  the 
grating  lobe  in  the  Hansen-Woodward  array. 
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(b)  Consider  N=6  dipole  elements  separated  by  d  =  ^  with  uniform  feeding  and  progressive 
phase  shift  a  =  7r.  If  the  dipoles  are  placed  on  Z-axis,  and  oriented  towards  Y-axis. 

1 .  Determine  the  array  type. 

2.  Plot  only  the  array  factor. 

3.  Determine  the  HPBW  and  the  directivity  of  the  array. 

4.  Determine  the  peak  value  of  the  first  side  lobe  level.  , 

5.  If  it  is  required  to  steer  the  main  lobe  towards  90  =  60°,  design  the  feeding  network. 


Question  (4)  [18  marks] 

»  • 

i 

(a)  Explain  why  the  side  lobes  of  the  Tschebyscheff  array  are  of  the  same  level. 

4t 

(b)  What  is  the  main  factor  that  affects  the  half  power  beamwidth  of  the  binomial  array? 

(c)  Consider  a  broadside  binomial  array  consisting  of  N  =  6  antenna  elements  with  uniform 
element  spacing  d  =  The  array  elements  are  short  monopoles  placed  in  Y-axis  and 
oriented  in  X-direction. 

1 .  Determine  the  excitation  coefficients  of  the  array  elements. 

2.  Plot  the  array  factor  and  the  total  field  pattern. 

3.  State  the  advantages  and  disadvantages  of  the  array. 


Question  (5)  [18  marks] 


(a)  Prove  that  the  array  factor  of  the  planar  antenna  array  is  equivalent  to  the  product  of  the  array 
factors  of  two  linear  arrays  in  X  and  Y  directions. 

i k 

(b)  Consider  8  elements  circular  antenna  array  of  radius  a  =  3  A,  the  array  elements  are  monopoles 
oriented  in  Z-direction. 

1 .  Write  down  the  general  equation  of  the  array  factor  of  the  circular  array  using  Bessel 
form. 

2.  Determine  the  angular  separation  4>n  of  the  nch  element. 

3.  Plot  the  total  field  pattern  of  the  array  considering  broadside  direction. 
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